Tumor suppressor gene promoter hypermethylation in serum of breast cancer patients.
Breast cancer is the most common malignancy in American women and the second leading cause of death from cancer. The genetic and epigenetic alterations that initiate and drive cancer can be used as targets for detection of neoplasia in bodily fluids. Tumor cell-specific aberrant promoter hypermethylation can be detected in nipple aspirate and ductal lavage from breast cancer patients. In this study, we examine serum, a more readily accessible bodily fluid known to contain neoplastic DNA from individuals with cancer, for methylation-based detection of breast neoplasia. We examined the promoter methylation status of three normally unmethylated biologically significant cancer genes, RAS association domain family protein 1A (RASSF1A), adenomatous polyposis coli (APC), and death-associated protein kinase (DAP-kinase), by sensitive methylation-specific PCR in 34 breast tumor and paired preoperative serum DNA. The 34 patients comprised 7 ductal carcinoma in situ (CIS), 3 lobular CIS, 5 stage I and 15 stage II to IV invasive ductal carcinomas, and 4 invasive lobular carcinomas. Normal and benign tissue and serum control DNA were also examined to determine the specificity of hypermethylation. Hypermethylation of one or more genes was found in 32 of 34 (94%) breast tumor DNA. APC was hypermethylated in 15 of 34 (47%), RASSF1A in 22 of 34 (65%), and DAP-kinase in 17 of 34 (50%) tumors. Twenty-six (76%) of the corresponding serum DNA were positive for promoter hypermethylation, including ductal CIS, lobular CIS, stage I disease, and lobular carcinoma patients. No hypermethylation of APC, RASSF1A, or DAP-kinase was observed in serum DNA from normal healthy women and patients with inflammatory breast disease or nonneoplastic breast tissue specimens. A gene unmethylated in the tumor DNA was always found to be unmethylated in the matched serum DNA (100% specificity). Tumor cell specific promoter hypermethylation of APC, RASSF1A, and DAP-kinase is present in ductal CIS, lobular CIS, and all grades and stages of invasive breast cancer. Hypermethylation can be detected by methylation-specific PCR analysis in serum DNA from patients with preinvasive and early-stage breast cancer amenable to cure. If confirmed in additional studies, hypermethylation-based screening of serum, a readily accessible bodily fluid, may enhance early detection of breast cancer.